Well-shaped single crystals of binary AuSn 2 were obtained as a side product during the synthesis of LiAu 3 Sn 4 . The structure of AuSn 2 has been studied by X-ray diffractometer data: Pbca, Z = 8, a = 689.8(1), b = 701.1(1), c = 1177.3(2) pm, wR2 = 0.0533, 1234 F 2 values, and 29 variables. The gold atoms show a distorted octahedral coordination by tin at Au-Sn distances ranging from 272 to 283 pm. The structure can be considered as an intergrowth of pyrite and marcasite related slabs. Consequently one observes Sn1-Sn2 dumb-bells with a Sn-Sn distance of 289 pm, while all other Sn-Sn distances are larger than 322 pm.
Introduction
Due to its excellent wettability for many metals, tin is the main and most important component in most modern soft-solders. An overview of the various commercially used soft soldering alloys is given in the Tin Handbook [1] . During the soldering process, various metal stannides can form. Especially the stannides with the coinage metals have attracted considerable interest for various soldering applications for microelectronic assemblies [1] . They can occur at the solder/metal interfaces or as precipitations. The stannides are much more brittle than the solder alloys, and consequently they are responsible for the brittleness and fracture of solder joints. Today, many joints in microelectronic devices are made of gold, leading to the stannides AuSn, AuSn 2 , and AuSn 4 as potential candidates for precipitate formation.
AuSn (yuanjiangite) and AuSn 2 have also been observed in nature. Yuanjiangite most likely formed by in situ replacement of placer gold within tin-rich sed-0932-0776 / 06 / 0100-0108 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com [4, 5] . An alternative description of the structure was given some time later by Kripyakevich [6] . During our systematic phase analytical investigations of the Li-Au-Sn system [7 -10] when searching for novel battery anode materials, we obtained well-shaped single crystals of AuSn 2 . A redetermination of the AuSn 2 structure on the basis of precise single-crystal diffractometer data is reported herein.
Experimental Section

Synthesis
The crystals of AuSn 2 were obtained as a side product during the synthesis of LiAu 3 Sn 4 [7] . Starting materials were lithium rods (Merck, > 99%), gold wire (Degussa-Hüls, ∅1 mm, > 99.9%) and a tin bar (Heraeus, 99.9%). The elements were weighed in the 1:3:4 atomic ratio and sealed in an evacuated tantalum tube [11] . The latter was enclosed in an evacuated silica ampoule for protection against oxidation. The ampoule was then rapidly heated to 1070 K, annealed at 870 K for two days and finally cooled to room temperature by switching off the furnace. The light grey polycrystalline 1 sample is stable in air over months. For further details we refer to the original work on LiAu 3 Sn 4 and LiAuSn [7, 9] .
X-ray imaging plate data and structure refinement
Irregularly shaped single crystals of AuSn 2 were isolated from the annealed sample by mechanical fragmentation and examined by Laue photographs on a Buerger precession camera (equipped with an imaging plate system Fujifilm BAS-1800) in order to establish suitability for intensity data collection. Intensity data were collected at room temperature by use of a Stoe IPDS-II diffractometer with graphite monochromatized Mo-K α radiation. A numerical absorption correction was applied to the data. All relevant crystallographic details are listed in Table 1 . Our refined lattice parameters (Table 1 ) are in good agreement with the data originally reported by Schubert et al. [5] , v. c. a = 690.9, b = 703.7, and c = 1178.9 pm.
The systematic extinctions of the data set were compatible with space group Pbca, in agreement with the previous investigation by Schubert et al. [5] . The atomic parameters determined from the X-ray film data were taken as starting values and the structure was refined using SHELXL-97 (fullmatrix least-squares on F o 2 ) [12] with anisotropic atomic displacement parameters for all three sites. As a check for the correct composition, the occupancy parameters were refined in separate series of least-squares cycles. All sites were fully occupied within less than one standard uncertainty. In the final cycles the ideal occupancies were assumed again. A final difference Fourier synthesis revealed no significant residual peaks (see Table 1 ). The refined positional parameters and 65 ± 2 at.-% Sn) revealed no impurity elements and was in agreement with the ideal composition.
Discussion
The structure of AuSn 2 has been refined from single crystal X-ray diffractometer data. The present experiment fully confirms the structural model reported by Schubert et al. [5] , but the atomic positions and the occupancy parameters have been determined with much higher precision. In Fig. 1 we present the unit cell of AuSn 2 . The gold atoms have a slightly distorted octahedral tin coordination at Au-Sn distances ranging from 272 to 283 pm, comparable to the sum of the covalent radii of 274 pm [13] . Similar Au-Sn distances have recently also been observed in LiAuSn (270 pm) [7] , Li 2 AuSn 2 (273 pm) [10] , and SrAuSn (279 -286 pm) [14] . The AuSn 6 octahedra are condensed via common corners in the a, b and c direction.
The gold atoms show an arrangement that resembles half of a face-centered cubic cell. The octahedral voids left by this arrangement are filled by Sn1-Sn2 dumbbells with a Sn-Sn distance of 289 pm, similar to the pyrite structure type. These Sn-Sn distances are close to the Sn-Sn single bond distance of 281 pm in the diamond modification of α-Sn [15] . All other Sn-Sn distances are longer than 322 pm (Table 3) , and thus even longer than in β -Sn (4 × 302 and 2 × 318 pm) [15] . Chemical bonding in AuSn 2 is thus goverened by both the covalent Au-Sn and Sn1-Sn2 interactions.
A very distinct desciption of the AuSn 2 structure was given by Kripyakevich [6] . AuSn 2 can be considered as an intergrowth structure of slightly orthorhombically distorted pyrite and marcasite related slabs. Within the pyrite slabs the distorted AuSn 6 octahedra are condensed via common corners (Fig. 1) , while the octahedra show edge-sharing in the marcasite related slabs (Fig. 2) . This strongly influences the Au-Au distances. In the marcasite slab we observe a smaller Au-Au distance of 314 pm, while the shortest Au-Au distance in the pyrite slab is 467 pm. The short Au-Au distance of 314 pm, however, is more a geometrical contraint of the intergrowth procedure (edge-sharing octahedra) rather than an aurophilic interaction.
